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Introduction

When, in a compound of the type A—E;=E, or A—E;=E,, a
structural unit of the type —(RC=CR),— is interposed
between A and E; the function of E, remains qualitatively
unchanged but that of E; may be usurped by the carbon atom

1
attached to A.
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Dienolates

- From Unsaturated Aldehydes and Ketons
- 1. Prenal metal dienolates

)\/\ BuoK )\/\ (1)
N osiMe, > oKt

Li, DBB, THF, -70°C . 2
Cl\)\/\OEt : > LI\)\/\O (2)

Et

- 2. y-sllyl strategy

.OMe o
SnCl,, TiCly, +
CH,Cl,, -23°C © .alg © O ®
.
H

(1) Duhamel, L. et al. Tetrahedron Lett. 1998, 39, 7093
(2) Duhamel, P. et al. Tetrahedron Lett, 1998, 39, 8975
(3) Kuwajima, I. et al. J. Am. Chem. Soc. 1989, 111, 8277




Dienolates

- From Unsaturated Aldehydes and Ketones
- 3. ATPH strategy

ATPH
(2.2 equiv.), ATPH
R2 toluene R .'
R o i . g AR 5
Ty By Ep + R—( - YR 0 i R—/<
H R, H 26-99% H R, H
.a:R1=R2=R3=H a: Ph )
b: Ry =Me; R, = R; = H b: Bu' LDA (1.2 equiv.),
c: Ry =Rz =H; Ry = Me c: Bu” THF, -78 °C
d: R1 = R2 = H, HS = E"Me'CH=CH' d: Ph-CH=CH- R2 ATPH
e: Ry = Ry =H; Ry = E,E-Me-(CH=CH),- Ra\/\/\ o
& " ‘
ATPH = ( 0)—Al OH R,

O R3 I:i‘l

Yamamoto, H. et al. J. Am. Chem. Soc. 1998, 120, 813




Dienolates

- From Unsaturated Carboxylic Acids

_2
)\/I‘ok I o 0
N OH ~ o OH

l PhCHO, THF, -78°C

(o) 0]
OH OH
o * /l\)\/COOH + OH
+
Ph)\)\ | Ph X
Ph Ph OH
b c d

COOH
a
M M relative yield (%)
a b c d
Li SnBuj - - - 100
Li B 19 27 - 54
Na Li 5 44 5 46
K Li 54 24 - 22
K K 100 - -

2-

—2- -
' o R o
R™ " Yo o
1e: R=Me 2e: R=Me
1f: R=H 2f: R=H

Ronchi, A. et al. J. Am. Chem. Soc. Perkin Trans. 1973, 1, 400



Dienolates

- From Unsaturated Carboxylic Acids

1. Me;SiCH,MGCl,
o) NiCl,, THF R1COR,, TiCl,

0
—( 2. (Me,Si),NH \)I\/U\ CH,CI,
Me,Si
—O = OSiMe, >

R, R, yield (%)

H Pr" 81
COOH H Pr 79

H

AN

Bu' 78
Me Me 80
'(CHQ'CHQ)Q" /78

Kurachi, Y. et al. J. Chem. Soc. Chem. Commum. 1977, 500
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Dienolates

- From Unsaturated Esters

O 1. LDA, -70°C

2. RCHO, warm to 10-15°C
MeO | '

LDA, HMPA, (2)

THF, -78°C

R=H, OH

(1) Heathcock, C. H. et al. J. Org. Chem, 1980, 45, 1181
(2) lkekawa, N. et al. Tetrahedron Lett. 1975, 4135



Dienolates

- From Unsaturated Amides and Imides

o

o o
,/\)I\N/ﬁ/ LDA, THF, -5°C - MN'/\( + <OI>/§O
H

Ms pyridine

<o X H/\r

o

- chiral auxiliaries

Snieckus, V. et al. J. Org. Chem. 1981, 46, 2029



Dienolates

- From [3-Heterosubstituted a,B-Unsaturated Carbonyls and
Butenolides

1. LDA, THF, -78°C

O 2. Bu"OCO-CHO
N 3. HCI HO

4. A

HOOC

Holker, J. S. E. et al. J. Chem. Soc. Chem. Commun. 1979, 81



Dienolates

- From 3-Heterosubstituted a,B-Unsaturated Carbonyls and

Butenolides
OMe
(o)
Ry | a: R;=R;=Me; R,=H
N b: R,=Et,C(OMe)-; R,=R,=H
b ent-b: R;=R;=H; R,=Et,C(OMe)-
"R
R, °
OMe OMe

o 1. LDA, THF, -78°C MeQ o
4 | 2. crotonaldehyde, -78°C : |
z > -
N N 7
™S ™S

1. NaBH,CN, AcOH
2. m-CPBA, CHZCIz TFA, CH2CI2

O "1ms
Gillman, K. W. et al. Tetrahedron Lett. 1999, 40, 1257




Dienolates

- From [3-Heterosubstituted a,B-Unsaturated Carbonyls and

Butenolides

OMe OMe
MeO MeO

O 1.LDA, THF, -78°C | o Li. NH.. ButOH. THF
. _7Qo0 E I 3, Bu ’
2. isobutyraldehyde, -78°C - =
N N
OMe

MeO
o 1. MCPBA, THF -~
| E 2. pyridine, 0°C 0 | (:)H >
Y'Y g |

o\}\( NG""W SN [/(4 i L A
© o

0._0"Y o
L|\ R1
H | :
= N < N
H R
o \ H °

Schlessinger, R. H. et al. J. Am. Chem. Soc. 1996, 118, 3301
Schlessinger, R. H. et al. J. Org. Chem. 1996, 61, 3226



Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 1. Acyclic Sillicon Dienolates
Representative members of the acyclic d, silyl butadiene family

O><O OTMSOTMS OTMS OTMS

Tmso’l§b/L§b Me0/1§§/l§§ L§°/4§§ N
OTMS

OTMS OTMS /szfl§b
_
Me0/1§§/4§§ Meo’i§7/‘§§ Meo” X Meo’l\\/ﬂ§j



Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 1. Acyclic Sillicon Dienolates
Total Synthesis of (+)-Macquarimicin A

OTBSO . o><o BF,-OEt,, -78°C OH OH ><
\\\)\/lL M \)\)\)\/K —
H TMSO
S OTBDPS )
OTBSOTBSO~ ~O . _ _ Pd(PPhg};;,‘gg‘,‘}',_l/",)’ Cucl,
= o OMPM

OTBDPS OTBSOTBS;>x<;
_ — -
Z XN T,
OMPM

Tadano, K.-i. et al. 3. Am. Chem. Soc. 2003, 125, 14722
Tadano, K.-i. et al. 3. Am. Chem. Soc. 2004, 126, 11254
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Diastereoselective and Unselective Processes

Indirect, Mukalyama Type Addition of Sillcon Dienolates
- 1. Acyclic Sillicon Dienolates
- Total synthesis of (-)-Callipeltoside A

1. Cy,BClI, EtNMe,, 0°C; then aldehyde, -78°C

O o o
)l\ 0 OTBS 2 Me NBH(OAc);, MeCN, AcOH, 0°C
0”7 N7 . W 3. HN(CH,CH,OH),, EtOAc, rt
( H -
Bn
o

OBMP

o OTBS o o o ?TBS OTMSOTMS
E : —_— : ' M
HO™" Z H MeO
OBMP i OBMP o
BF,-OEt,,
toluene, -90°C
—_—

Evans, D. A. et al. Tetrahedron 2008, 64, 4671



Diastereoselective and Unselective Processes

Indirect, Mukalyama Type Addition of Sillcon Dienolates
- 1. Acyclic Sillicon Dienolates

VMAR addition with chiral vinylketene silyil N,O-acetal

A /g-—\ TiCl,, CH,CI,, -78°C /g-—\
o o (1)

CsHy4 = N\‘(
OH 0O O

OTBS o

Y

OTBS 0

TiCly, CH,Cly, 78°C /g—\
/g’\ (3)
C5H11

OTBS 0
. \/g—\ TiCly, CHyCly, T8°C /g—\ @
H ~ _N CsHq4 \‘(
o OTBS O

Kobayashi, S. et al. J. Am. Chem. Soc. 2004, 126, 13604



Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 1. Acyclic Sillicon Dienolates

Me Me
Me, WO\-TBS ::KH \\\O -TBS
H_\N LR \N
R | H 7r0 i R O
.\ i ,O w
ClyTis H o CLTi" —~y O
R’ R=H
R =Me
A B

Proposed transition state models for the TiCl;-promoted
VMAR involving a-methyl vinyl ketene N,O-acetals (A) or unsubsti-
tuted vinyl ketene N,O-acetals (B).

Kobayashi, S. et al. 3. Am. Chem. Soc. 2004, 126, 13604



Diastereoselective and Unselective Processes

Indirect, Mukailyama Type Addition of Sillcon Dienolates
- 1. Acyclic Sillicon Dienolates

- Bronsted acid-promoted VMAR to racemic product

>< o><o OH
o~ Yo . PhCOOH(25mol%) )\
> o P (1)
TMSOM
><
o~ ~o
<o

OH
PhCOOH(25mol%)
> 0)\/\|/'\© (2)

68:32 dr(syn:ani)

>< s
(o) (o) + TIC|4 CHZC|2 -78° C )\/ (3)
(o)
TMSOM
>< Bi(OTf);-4H,0(50mol%) 0><0

o o

. ELO,-78°C P @
M o
TMSO

Scettri, A. et al. Tetrahedron Lett. 2005, 46, 6141 Kirsch, S. et al. Synlett 2001, 1974
Wischert, R. Tetrahedron Lett. 2006, 47, 9089

§°§° 3



Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 2.Cycic Silicon Dienolates
First-generation strategy towards cyclohexane and cyclopentane

polyols o>(

- OH s 1287
vmylogous intramolecular
aldol / OH aldol HP 3
HX CH OH 1 X2
(COzH) X1-C2 bond ! OTBS
cleavage
o>(
7. P
. HO _ _ OH O :
vinylogous 6 7 intramolecular 6 ___.9ne-carbon
aldol / N aldol H?\ oxidative
2 — Y excision
HX 5 CH,OH 5(7 4 /)3
(CO5H) 1X—2
X1- C2__b_qr]o_l__: OTBS
X =0, N-Boc, S cleavage

Casiraghi, G. et al. Mini-Rev. Org. Chem. 2004, 1, 343
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Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 2.Cycic Silicon Dienolates
Diastereoselective synthesis of 5a- carbapyranose and 4a- carbafuranose

o)
BF;-OEt,,
TBSO o o CHiCl -80°C
| * H
/ o

TESO OTBS

TBSOTH, o _ OH
DIPEA, y 1. LiBH4, THF o
CH,CI, H 2. aq HCI, THF, MeOH "
ﬁ »
""OTBS HO” " ""OH

TBSO
OTES OH
o
o 0 OH
:>< 0 ) o — OH
ok S — — (2)
H ‘e, v
= H “,
OH % Ho  ©OH
O OTBS

(1) Casiraghi, G. et al. Eur. J. Org. Chem. 2002, 1956
(2) Casiraghi, G. et al. J. Org. Chem. 2001, 66, 8070



Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 2.Cycic Silicon Dienolates
Second-generation strategy to amino acid polyols

N1-C2 bond
taBavl fission =
MoritaBaylis- |
Hillman ! vinylogous TBSO_ | Boc
2 1 : I
reaction HO,C NH,, aldol reaction 2@1
S

------ . *"'—"\ 3 5
/ HONsi7/6OH — — "f “ \t‘
N 0 0
pinacol coupling

Casiraghi, G. et al. J. Org. Chem. 2006, 71, 225



Diastereoselective and Unselective Processes
Indirect, Mukalyama Type Addition of Sillcon Dienolates

- 2.Cycic Silicon Dienolates

Phenylogous aldol moves during the synthesis of Viridin/Wortmannin
models

TiCl,, CH,Cl,, rt (1)
>

o] TiCl,,

+ Jk[]/OEt CH2C|2, rt
H }
OTBS

o

Sessions, E. H. et al. Org. Lett. 2006, 8, 4125
Sessions, E. H. et al. Org. Lett. 2007, 9, 3221
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Diastereoselective and Unselective Processes
Direct Addition of in situ-Gerenated Dienolates

Ph: ; p-TOIt /\;
Ph? p-ToIc|)
Al Ph A p-Tol
O/ \O O/ \O
Ph  Ph. i Ph p-Tol P-ToIS :I: _p-Tol

ATPH Me-ATPH
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Diastereoselective and Unselective Processes
Direct Addition of in situ-Gerenated Dienolates

Aldolization of a,B-unsaturated carbonyl compounds with
aldehydes using ATPH

o) OH
)\/ 1. ATPH, toluene. -78°C 0
> S
x-C0:Me H 2. LTMP, THF, -78°C
CO,Me
o) OH o)
o 1. ATPH, toluene. -78°C N
SO £
A 2. LDA, THF, -78°C
o) OH o)
O 1. ATPH, toluene. -78°C a)
+
H > X H
/\)J\H 2. LDA, THF, -78°C

y-regioselective
High Z/E selective

Yamamoto, H. et al. J. Am. Chem. Soc. 2003, 125, 6200
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Diastereoselective and Unselective Processes
Direct Addition of in situ-Gerenated Dienolates

- Application of inter- and intramolecular Yamamoto VAR

1. ATPH, toluene. -78°C

o o A
W/ 2.LDA, THF, -78°C W 1)
H OH

1. ATPH, toluene. -78°C : S
2. LTMP, THF, -78°C
> (o) 5 (2)

(1) Marquez, R. et al. Angew. Chem. Int. Ed. 2001, 40, 603
(2) Sammakia, T. et al. Org. Lett. 2007, 9, 2103
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Diastereoselective and Unselective Processes
Direct Addition of in situ-Gerenated Dienolates

- Direct vinylogous nitroaldol (Henry) reaction using nitroisoxazole

Et;N, MeOH, rt

Et;N, MeOH, rt

NO, (o) NO,
OH
N/ \ * H > N/ \
“o o
NO, (o) NO,
OH
N/ \ * H > N/ \
‘o o

Suresh, S. et al. Org. Lett. 2007, 9, 2103



Diastereoselective and Unselective Processes
Direct Addition of in situ-Gerenated Dienolates

- Total synthesis of (+)-Castanospermine featuring a diasteteoselective

direct VAR
Q O o H
N LDA, THF, HMPA N
N — TMSCI, -78 °C BnO, .., SnCl,, THF, -78 °C
OMe g ome ¢\ ¥  OBn 60% ]
NS N~ ~OTMS
PMB i . ] OPMB
19y oH
10% HCI, THF, 30 °C 7 steps HO :
quant. - HO™ N
99.5:0.5dr (+)-castanospermine

Huang, P.-Q. et al. Tetrahedron Lett. 2008, 49, 383
Huang, P.-Q. et al. Eur. J. 2010, 16, 5755
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Diastereoselective and Unselective Processes
Direct Addition of in situ-Gerenated Dienolates
- Synthesis of (S)-Melodorinol

Br Br 1. BF;-OEt,
TBSOTf, Et;N 2. MsCl, py
. + (@) y
o) TBSO 07Q

Br
o= o’ —_— —
_ O (o)
0)<°

HO  6coph

Pouliot, M. et al. Synlett 2007, 219



Enantioselective Processes
Indirect, Mukalyama type additions of silicon dienolates
- 1. Acyclic Silicon Dienolates

catalvtic enantioselective VMAR

I,

/

~
NS

GRS

P(CeHa-p-CHa)z .

P(CgH4-p-CHj3),

A
(R)-TolBINAP-CuF

ZzZ—=
o

N //0 - SiCly,

/

T '|\|_'(CH2)5
O Me Me

| 2

(R,R)-bisphosphoramide-SiCl,4

~

¢ <D

O: - Ti(O/-Pr),

~

NN

B
(R)-BINOL-Ti(O/-Pr),

(S)-OBX

Repersentative metal-based chiral nonracemic complexes used in

{O\j ’
2 SbFg.

N—Cu—
h H20 OH2

C
[CU(R,R)PhPyBox](SbFg),-2H,0

HN -Pr
f_pr:Q - CU(OTf)z
F .

(S)-copper/sulfoximine
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Enantioselective Processes “ ~
Indirect, Mukalyama type additions of P(CoHy-p-CHy),

. . i P(CeH4-p-CHs)2
- 1. Acyclic Silicon Dienolates “

- Total synthesis of C1-C22 macrolactone fragme

CuF

A

\_(R)-TOIBINAP-CuF -/

A (2.0 mol%)

n'BU4NPh3SiF2 ><

o >< (4.0 mol%) OH O o »
/\)j\ " )o\/?\ > X o
= THF, -78°C; M
H OTMS  then TFA N °
OTBS %o Bu,BOTf, DIPEA,
o ﬁj 0 Et,0, -78°C; o
\)\l/\/\/-\n/H
L. _cos
OBz (@) _

Carreira, E. M. et al. Angew. Chem. Int. Ed. 2002, 41, 4098



Enantioselective Processes
Indirect, Mukalyama type additions of silicon dienolates

- 1. Acyclic Silicon Dienolates
Asymmetric VMAR addition involving Chan diene

o OH O O

OTMSOTMS 1. ent-B (8mol%),
H THF, MS, -78°C OMe (1)
)\/l\ >
OMe  2.H,0* THF, 0°C
0 OH O O
OTMSOTMS 1. B (8mol%), :
H | THF, MS, -78°C OMe (2)
M >
OMe 2.aq TFA' THF, 0°C
O )
\/ 72N
I OH  1i(0i-Pr),
AN~ |/OH
V\/

\(R)-BINOL-Ti(O/-Pr), -/

(1) Scettri, A. et al. Tetrahedron:Asymmetry 20000, 11, 2255
(2) Scettri, A. et al. Tetrahedron:Asymmetry 20001, 12, 959



Enantioselective Processes
Indirect, Mukailyama type additions of silicon dienolates

- 1. Acyclic Silicon Dienolates
*  Optimized enantioselective VMAR in the total synthesis of (-)-auriside A

B(50 mol%),
CaH, (50 mol%), (o) OH

QTMS 1 THF, -78°C
* Jl\/\/\ = - a NF
Meo)\/g HY NN g, MeO Br
OH

Meo;fj,OMe
o~ "0

NN
— 4 | N
\/ /\OH
I . Ti(Oi-Pr),
AN~ _OH
V\)

\(R)-BINOL-Ti(O/-Pr), -/

(-)-auriside A

Mackay, A. C. et al. Angew. Chem. Int. Ed. 2005, 44, 1130



Enantioselective Processes
Indirect, Mukailyama type additions of silicon dienolates

- 1. Acyclic Silicon Dienolates

l*\ RS
O N7 o) _
Q/I | I\e-zsts
N

N—Cu
N /N
Ph H,O OH; Ph

C
[Cu(R,R)PhPyBox](SbFg),-2H,0



Enantioselective Processes < “» A
Indirect, Mukaiyama type additions o |

O N" o) _
Q/I | Iﬁe-zstB
. : NN

- 1. Acyclic Silicon Dienolates PR HO OH, Ph

C

- Enantioselective synthesis of fragment via VM‘\@(R, R)PhPYBOX|(SbF4),2H;0_/
acidic Copper(1I)-PyBox complex ent-C

1. ent-C (5mol%) 1. Me4,NBH(OACc);, -25°C
CH2CI2, -95 °C 2. TBSCI, imidazole
OTMSOTMS 2. PPTS, MeOH j\/ﬁ\/?i/ 3. DIBAL-H, toluene,
*_OBn | _-0010 -78°C
t- Buo)\A JI\/0'3“ t-BuO -

OH OH o)

o OTBSOTBS .

HJI\/'\/:\/OBn

Evans, D. A. et al. Angew. Chem. Int. Ed. 2007, 46, 541



Enantioselective Processes
Indirect, Mukailyama type additions of silicon dienolates

- 1. Acyclic Silicon Dienolates

Biophosphoramide-catalyzed enantioselective VMAR of easter- or
dioxinone-derived silyl dienol ethers

D(1 mol% ligand,
1.1 equiv SiCl,) OH 0

OTBS CH,ClI,, -78 °C :
©)L Ao - QWJ\OH (1)
=z
D(1 mol% ligand,
1.1 equiv SiCl,) OH 0><0
o (o) CH2C|2, -78 °C E
> W (2)
/ o
OTBS

O

N_ /P |- siCly
"i‘ '|\|_‘(CH2)5

O Me Me

(1) Denmark, S. E. et al. 3. Am. Chem. Soc. 2003, 125, 7800 - J2

(2) Denmark, S. E. et al. J. Am. Chem. Soc. 2005, 127, 3774 \ RRb D horamide.SiC] /
,})-pispnospnoramide-siCly




Enantioselective Processes (] Sotan h

Indirect, Mukailyama type additions of il NP | s

- 1. Acyclic Silicon Dienolates “ h’]; E‘Ie—‘““ﬂs

- Biophosphoramide-catalyzed enantioselective|Vv L J2
diketone, or amide-derived silyl dieolates

D
\ (R,R)-bisphosphoramide-SiCL;/

1. D(5 mol% ligand,
1.5 equiv SiCly,),
o DIPEA(20 mol%) OH O

. OTMS CH,Cl,, -50°C : A
H /,,%)\ > t-Bu (1)
4 = t-Bu 2. aq KF/aq NaHCO,

1. D(1 mol% ligand,
1.5 equiv SiCly),

0 DIPEA(20 mol%)
OTBSOTBS ¢ cl, -90°C
H * "l/"'/l"/"')\/ >
a2 2. aq KF/aq NaHCO,

1. D(2-5 mol% ligand,
1.5 equiv SiCly),

o

(2)

OTBS

0 DIPEA(10 mol%) OH o
DIPEA, CH,Cl,, -90°C :
H *+ /\/\N/\I 272 > A N/\I (3)
I\/O 2. aq KF/aqg NaHCO, I\/O

Denmark, S. E. et al. J. Am. Chem. Soc. 2005, 127, 8971
Denmark, S. E. et al. J. Org. Chem. 2007, 72, 5668




Enantioselective Processes
Indirect, Mukailyama type additions of silicon dienolates

- 1. Acyclic Silicon Dienolates

» Use of chiral oxazaborolidine catalysts in asymmetric VMAR

oTMs E(100%), i-PrOH OH o
BuCn, -78°C :
OTMS  E(100%), i-PrOH OH o
BuCn, -78°C /\/\/\)j\ 2
TBSo/\)I\ /\)\ >TBSO : A orte 2)
(W ™\
N o}
| B—Ph
N
\

Simsek, S. et al. Org. Lett. 2007, 9, 5637 \ (S)-0BX Y




Enantioselective Processes

Indirect, Mukalyama type additions of silicon dienolates
- 1. Acyclic Silicon Dienolates

. Hydrogen bond-catalyzed asymmetric VMAR of dioxinone and
various aldehydes

G(20 mol%), toluene 0><0 OH NO
-60°C, 1N HCI _ 2
=
o G(20 mol%), toluene o><o OH
o o, J\n/oa 80°C, INHOI
> OEt

/

o s G(20 mol%), toluene 0><0 OH
° o -80°C, 1N HClI s
HJ\<\ :@ > o)\M(
TBSO \ N \N
[ Ar. Ar \
>< Ar=1- naphthyl
Rawal, V. H. et al. Org. Lett. 2005, 7, 5657 L M Ar )




Enantioselective Processes
Indirect, Mukalyama type additions of silicon dienolates

- 2. Cyclic Silicon Dienolates
Ti(O1-Pr),/(R)-BINOL catalyzed VMAR of silyoxy furan

o) OH

_ B (20 mol%) :
(o)
OTMS

o _— B (20 mol%) OH
+ Et2), -20°C :
/(/z\)l\ 0/ i - 1
0 H A
OTMS

Szlosek, M. et al. Heterocycles 2000, 52, 1005

Szlosek, M. et al. Angew. Chem. Int. Ed. 2000, 39, 1799

o)
AN
o)
4 “ N
85 - Ti(Oi-Pr)4
99
\(R)-BINOL-Ti(O/-Pr), J




Enantioselective Processes
Indirect, Mukalyama type additions of silig

- 2. Cyclic Silicon Dienolates
: Enantioselective VMAR using quinine-thiourea c

o OH
N H (20 mol%), CHCI;
\ + H A -20to 0 °C - 74 Y | AN
o | \ o N
TMSO R 3 R
OH OH OH OH
0 0 0 o}
Br OMe
0 O o] e}
anti- 1 anti- 2 anti- 3 anti-4
78% vyield; 75% yield; 90% yield; 72% yield;
89:11 dr (anti:syn);  88:12 dr (anti:syn); 90:10 dr (anti:syn); 60:40 dr (anti-syn);
86% ee (anti) 84% ee (anti) 89% ee (anti) 82% ee (anti) ’

Wang, W. et al. Adv. Synth. Catal. 2010, 352, 1291

anti-

78% yield;

88:12 dr (anti.syn);
91% ee (anti)




Enantioselective Processes
Direct addition of in situ-generated dienolates
- Asymmetric reductive VAR of allenic esters to ketones

o
o 1.1 (5 mol%), CuOAc(2.5 mol%), PCy3 (5 mol%) OH
pinacolborane, THF, 0 °C
J\ ' “)I\OEt > RY A
R |'| = 10 COOEt
OH OH |
Ph" N P NS 1 < ‘
CO,Et Co,Et || © PAr,
1 2 1 e PAr,
96% yield: 25:1 y.o.  97% yield: 30:1 vy 1 ¢ ‘
99% ee 84% ee |
\_© Y,
OH OH : I
\/\\\‘M \‘\}\/\\‘ :
| t-Bu
CO,Et CO,EL !
3 e  Ar=
86% yield: >6-1 yo  80% yield: >8:1 yo | AT OMe
88% ee 98% ee | B
] -buU

Shibasaki, M. et al. Tetrahedron Lett. 2006, 47, 1043
Shibasaki, M. et al. 3. Am. Chem. Soc. 2007, 129, 7439



Enantioselective Processes
Direct addition of in situ-generated dienolates
- Asymmetric alkylative VAR of Allenic esters to ketones

o J (6 mol%), Cu(OAc), (5 mol%), O
o V)I\OEt +  R2zn DMSO, HMPA or Ph,$=0 (20 mol%), o
+ 2 MS, THF, -20°C
R1Jk | > |
. R 2
I R
o) o) i
'@ S
Ph", Bt OO\ Et | (F 0 A
; e
92% yield; 96% ee 95% yield; 87% ee || F PPh,
0 0O | FXO ‘ PPh;
0™ 0™ \F_O Y,
@ Et Ph™ ; J
8 9 i
|

79% yield; 98% ee 89% yield; 94% ee

Shibasaki, M. et al. 3. Am. Chem. Soc. 2007, 129, 7439



Enantioselective Processes

Direct addition of in situ-generz
- Synthesis of a-Tocopherol highlighting
dienamine organocatalysis

1 )If
MeO H K (30 mol%), Ar H
H H R
+ | PhCOOH k
—_— ve
OH , toluene, rt

(all-R)-o.-tocophererol

Liu, K. et al. Angew. Chem. Int. Ed. 2008, 47, 5827



Thank You for Your Attention!




































